Summary.-A temperature sensitive variant (tsl3) of African green monkey kidney cell line, carrying a temperature sensitive lesion in thymidine metabolism, was transformed by 40 ug/ml of methylnitrosourea (MNU) at the restricted temperature of 39 5°C, whereas the same cell line was not transformed by MNU at the permissive temperature of 33°C. Results presented in this paper raise the possibility that clones of cells carrying a biochemical lesion might possibly contribute to carcinogenesis with respect to certain chemical carcinogens.
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UNLIKE clonal selection in cellular immunity (Burnet, 1959) where cells (lymphocytes) differentiated from the thymus carry out specialized functions, transformation in response to carcinogens is not known to be selective at the cellular level, though tissue or organ specificity of carcinogens in vivo has been known (Magee and Barnes, 1967; Druckrey et al., 1967) . Success in inducing in vitro transformation in mammalian cells by chemical carcinogens (Berwald and Sachs, 1963; Heidelberger and Iype, 1967; Sanders and Burford, 1967) has opened the possibility of studying the mode of action of these carcinogens at the cellular and molecular level (Heidelberger, 1964 (Heidelberger, , 1970 and is expected to shed light on the question of clonal selection in a population of apparently homogeneous cells. Environmentally induced selective pressure on cells, as in the case of temperature sensitive conditional lethal mutants, might offer the opportunity to test the theory of clonal selection in carcinogenic transformation of mammalian cells. In this paper we describe the use of a temperature sensitive variant cell line that showed high frequency transformation induced by the carcinogen methylnitrosourea (MNU) at the restricted temperature, whereas the variant at the permissive temperature or the parental cell line showed no detectable change in cellular morphology under similar conditions.
In contrast to other chemical carcinogens, e.g. hydrocarbons (Berwald and Sachs, 1963; Heidelberger and Iype, 1967) and dimethylnitrosamine (Magee and Barnes, 1967; Sanders and Burford, 1967) , methylnitrosourea requires " little enzymatic metabolism " before it can exert its carcinogenic effect (Magee and Barnes, 1967) . It is also a powerful carcinogen in vivo (Druckrey et al., 1967; Herrold, 1966; Leaver, Swann and Magee, 1969) . Cells treated only briefly with MNU in vitro acquired a capacity for (morphologically) altered growth when cultured later, as well as an ability to grow as tumours in a heterologous host (Sanders and Burford, 1967) . The induction of a " transformed " state in vitro could be attributed to at least 3 cellular mechanisms: (1) direct transformation resulting from interaction with some critical target in the cell, (2) selection of pre-existing malignant cells or (3) activation of an oncogenic virus by the chemicals. MNU is known to alkylate nucleic acids (Swann and Magee, 1968; Rosenkranz, Bitoon and Schmidt, 1968) and cause inhibition of protein synthesis (Kleihues and Magee, 1973) ; methylation of DNA-guanine base, both in vivo and in vitro (Lawley, 1966; Schoental, 1967) , might account for its mutagenic property in mammalian cells where it has been reported to cause single gene mutations (Kao and Puck, 1971) (Meyer et al., 1962 ) and a temperature sensitive variant, ts13, isolated by the methods described before (Naha, 1973c) . These cell lines grow as monolayers to confluence and are strongly contactinhibited in culture. Culture conditions for these cell lines have been reported (Naha, 1973c) . The variant clone tsl3 has been found to undergo high frequency transformation by SV40 at the restricted temperature of 39 5°C (Naha, 1973a, b) , but was lytic to the virus at the permissive temperature of 33°C. Preliminary experiments (Naha, 1973b) have indicated that the clone ts13 (spontaneous reversion frequency less than 10-4) was defective in the metabolism of exogenous thymidine and was resistant to 10-3 mol bromodeoxyuridine (BUDR) at 39 5°C; the clone was, however, sensitive to the same concentrations of BUDR at 33°C. These results (to be published elsewhere) suggested a temperature sensitive lesion in the thymidine kinase (TK) gene (Kit et al., 1963; Littlefield, 1965) which is known to cause lethal incorporation of BUDR in DNA. Whether the enzyme thymidine kinase itself was temperature sensitive in the variant ts13 has not yet been determined. The clone tsl3 was selected for this study from a number of other temperature sensitive variants which wNere not transformed by MNU under similar conditions.
Chemicals. N -methyl -N -nitrosourea (MNU) and 14C-N-methyl-N-nitrosourea (14C-MNU) were kindly supplied by Dr A. W. Craig. Samples of MNU were freshly prepared before use by dissolving in Hanks' BSS at pH 6-8. Before treatment with MNU, cells were washed writh Hanks' BSS (pH 6.8), then exposed to required concentrations of MNU.
Experimental procedures. Cells at a density of 3 x 105 in 6 ml volumes wN-ere plated in 25 cm2 (30 ml) Falcon tissue culture flasks and incubated for 18 h (roughly one cell generation time) at 39 5°C. Cells were then washed in pre-warmed Hanks' BSS (pH 6.8) for 15 min. MNU at required concentrations in Hanks' BSS (pH 6.8) was added to the cultures and incubated for 2 h at 39-50C, except in the case of the control which was kept in Hanks' BSS. At the end of the treatment MNU solutions were pipetted out and replaced wAith 5 ml of growth medium of L-15 (Naha, 1969 (Naha, , 1973c for each flask and incubated at 33°C. Viability of cells was counted after 48 b. For this, trypsinized cells were centrifuged at 1500 rev/min and resuspended in 1 ml of growth medium and stained with trypan blue. Replicate culture flasks were incubated for 2-4 weeks at 33°C; foci of transformed cells were counted under the microscope (x 54). The centre of a group of piled up cells was considered as a focus.
RESULTS

Dose dependence in MNU transformation
Viability counts of cells consequent upon exposure to MNU showed ( Fig. 1 (Fig. A) and the temperature sensitive variant ts13 (Fig.   B ) cell lines after treatment with 40 ,ug/ml of MNIJ at 39-5°C and incubated for 14 days at 33°C in L-15 medium. Experimental procedures as in Fig. 1. x (Fig. A) and a transformed (Fig. B) (Fig. 4) (Fig. 4A, B) . In the case of the temperature sensitive clone ts13, however, the effect of restricted temperature (39.5°C) appeared to favour growth of cells at lower concentrations of MNU than those at higher concentrations. The stimulating effect of the carcinogen, as shown in the increased number of viable cells, shifted more towards cell cultures treated with 20 ,ug/ml of MNU on the 6th day fronm the original optimal effect at 40 ,tg/ml on the 2nd day at 39 5°C ( Fig. 4D ). This " selective " effect was also reflected on the mitotic indices in these cultures where nearly 50% increase in the mitotic index was observed on the 4th and 6th days after treatment with MNU at 20 ,tg/ml. Mitotic indices declined in all other cultures of tsl3 during the progress of incubation at 39 5°C. These unexpected results appeared more intriguing considering the fact that the restricted temperature of 39 5°C was expected to have an equal effect on the cellular population at non-toxic levels of MMU.
Though as yet we do not have any explanation for these results, it seems clear that a selection of some kind was working at the cellular level Whether this selection effect had any relevance to transformation was also not clear. It is, however, understandable that transformation could manifest itself only in the presence of cellular multiplication, and some stimulatory effect was therefore probably necessary. In replicate cultures of ts13 incubated at 33°C (Fig. 4C) , this selection was not operating. In the light of available information on methylation of nucleic acids by MNU (Brookes and Lawley, 1961; Loveless and Hampton, 1969) , it might be important to look into the extent of 0-6 alkylation of guanine under these conditions, which has been suspected to be related to carcinogenesis (Loveless, 1969) , considering the fact that methylation of 7(N) position of guanine had been thought to be irrelevant to mutagenesis (Loveless, 1969 (Fig. 5,  6 ) indicated that in the parental cell line of BSC-1 there was a gradual loss in the number of viable cells after each exposure to MNU. The viability counts in ts13, on the other hand, had remained more or less constant after the initial exposure to MNU; the number of transformed cells in this case also did not increase. We concluded from these results that transformation of ts13 cells at the restricted temperature was selective in nature and single exposure was enough to cause transformation among the selected population.
The relatively higher viability of cells of ts13, compared with BSC-1, after repeated exposure to MNU was difficult to interpret. In order to test if the cells of ts13 at 39 5°C had become resistant to further methylation by the same concentration of MNU (30 ,ug/ml), we repeated these experiments with 14C-MNU under identical conditions and looked for radioactivity counts in the acid-soluble (protein) and acid-insoluble (DNA and insoluble protein) fractions. We faced 2 limitations in performing this experiment: (1) we were restricted to using not more than 3 x 105 cells/ml to eliminate the background caused by leakiness (40 ,g/ml) in terms of viability and tranformation frequency in BSC-1 and the temperature sensitive variant ts13. Cells at a density of 3 x 105 in 6 ml volumes were planted in 25 cm2 (30 ml) Falcon tissue culture flasks and incubated for 18 h at 39 50C. Cells were treated similarly as in Fig. 1 reason to assume that this accounted for the difference between the 2 cell lines. It would appear from these results that the transformed cells of ts 13 were resistant to further methylation at the same concentration and that it is only the drug resistant population in whichunder such operational conditions-transformation can be observed.
DISCUSSION
The results presented in this paper suggest that MNU induced transformation in vitro of variant clone ts 13, carrying a genetical lesion in thymidine metabolism (possibly in the thymidine kinase gene), was probably directly related to its biochemical defect. A population of cells carrying identical lesions at the restricted temperature could only account for the high frequency of transformation in this cell line at the restricted temperature. Further experimentation on different cell lines would be required to confirm the Fie. 6.-Pictures showing extent of growth after 7 days in Giemsa stained preparations of BSC-1 (Fig. A-D) and the temperature sensitive variant ts13 ( Fig. E-H ) after 3 exposures to MNU (40 ,ug/ml), corresponding to the experiment described in Fig. 5 
